Abstract: This study was designed to examine the association between sleep duration and being overweight/obese in primary, middle, and high school students. This was a multiple cross-sectional study using data from the 2010 and 2014 National Survey on Students' Constitution and Health (CNSSCH). A total of 23,602 students aged 7-18 years were enrolled in this study. The prevalence of being overweight and obese-stratified by age, gender, and sleep duration-in 2010 and 2014 were compared. Sleep duration was categorized as <7 h, ≥7 to 8 h, ≥8 to 9 h, and ≥9 h. Overweight and obesity were defined according to the cut-point criteria in China. Multivariable logistic regression results in 2010 and 2014 revealed that students sleeping <7 h and aged 7-12 years had an increased risk of becoming overweight/obese. In 2010, the adjusted prevalence ratios of overweight for 7-12-year-old students sleeping <9 h was 1.196 (95%CI: 1.004-1.424) and 13-15-year-old students sleeping <8 h was 1.265 (95%CI: 1.023-1.565). In 2014, the adjusted prevalence ratios of overweight and obesity for 7-12-year-old students sleeping <9 h were 1.295 (95%CI: 1.091-1.537) and 1.231 (95%CI: 1.045-1.449); 16-18-year-old students sleeping <7 h were 1.530 (95%CI: 1.239-1.888) and 1.585 (95%CI: 1.270-2.081). Our study revealed that different levels of sleep curtailment increased the risk of becoming overweight/obesity in different age groups of students.
Introduction
The prevalence of being overweight and obesity among children and adolescents has been rising at a staggering rate during the last 30 years [1, 2] . There were 41 million overweight children in the world in 2014, about 10 million more than there were two decades ago [3] . The results of a 2015 report on Chinese nutrition and chronic disease showed that, in 2002, the proportions of children aged 6-17 years who were obese and overweight in China were 2.1% and 4.5%, respectively. Those numbers increased to 6.4% and 9.6% in 2012. Childhood obesity often follows into adulthood and links to many serious consequences, including impaired glucose tolerance, hypertension, and cardiovascular diseases. Furthermore, childhood obesity can cause important psychological impacts such as academically poor performance, social stigma, laziness, and depression and anxiety [4] [5] [6] .
Specifically, obesity is a complex condition which can be influenced by a wide range of factors. Besides the genetic factors, diet, energy expenditure, and television viewing are known to contribute to an increased risk of being overweight and obesity [7] [8] [9] . Recently, shorter sleep duration in infancy and childhood has been regarded as a risk. It has been proposed that sleeping problems are causally relative to obesity in early life [10] [11] [12] . The associations between sleep duration and obesity in different age groups have been reported in some cross-sectional and cohort studies [13] [14] [15] . A prospective cohort study reported that children aged 2.5-6 years old who consistently slept less than 10 h were at 2.9 times the risk of becoming obese as compared to those who consistently slept 11 h or more [16] . Another cohort study assessed the association between sleep duration in childhood and adult body mass index (BMI) in a birth cohort, finding that shorter sleep duration was significantly associated with higher adult BMI values [17] . However, there is limited information on the relationship between sleep duration and obesity among children and adolescents in China, which especially lacks valuable data derived from extremely cold areas with high prevalence of obesity.
Taken together, we used the data obtained from National Survey on Students' Constitution and Health (CNSSCH) sampling in Shenyang to investigate whether sleep duration is a risk factor of being overweight or obesity in children and adolescents. An apparent strength is that there has not been any large-scale study reporting an association between sleep duration and obesity/overweight in Shenyang with winter lasting more than 6 months (the coldest temperature is approximately −30 • C).
Materials and Methods

Study Participants
The data were obtained from and approved by CNSSCH, which conducted two samplings in 2010 and 2014 in Shenyang, a northeastern city in China. The survey performed by CNSSCH is complex, multistage, cross-sectional, and nationwide. There has been a standardized methodology, which has become a continuous survey, since 1985, and data have been released every 4 or 5 years. The subjects in the present study were primary and secondary school students aged 7-18 years, randomly selected from urban and rural residential areas in Shenyang according to the requirements of CNSSCH sampling. The physical examinations and sampling methods were the same as the protocols used for previous surveys in all CNSSCH studies [18, 19] . Therefore, the data derived from the 2010 and 2014 CNSSCH surveys in Shenyang were comparable and reliable depending on two indicators: (1) all the participants were uniformly measured by using the same methods and in the same way for the two years and (2) all the participants were school students aged from 7 to 18 years who were enrolled by stratified cluster random sampling from Shenyang, according to the Handbook of National Student Physical Health Survey in 2010, excluding those students diagnosed with abnormal growth and development or physical abnormalities. The participants were stratified by gender (male or female, with approximately equal numbers in each gender) and evenly distributed into different socioeconomic classes (upper, middle, and lower). The sample size of each survey was 11,528 and 12,074 in 2010 and 2014, respectively.
In this analysis, children and adolescents were classified into three age groups (7-12, 13-15, and 16-18 years), the age ranges commonly adopted to differentiate students for primary, middle, and high school in Shenyang, China, respectively.
Anthropometric Measurements
Height and weight examinations of students were performed in schools according to the protocol criteria [20] . All measurements at the survey site were conducted by trained professionals.
The measuring instruments of height (cm) and weight (kg) at all survey sites were similar [20] . Height was measured to an accuracy of 1 mm using a calibrated stadiometer (TZCS-4, Co., Ltd. Xinman Science and Education Equipment, Shanghai, China) and weight was measured to an accuracy of 0.1 kg using a calibrated leveraged scale (RGT-140, Co., Ltd. Xinman Science and Education Equipment). Students were required to wear light clothing without shoes and stand erectly when measuring height. The height and weight of each student were measured twice, and the average numbers were recorded to decrease error. BMI was calculated as the ratio of weight (kg) to height squared (m 2 ), which is considered as an effective indicator to assess adiposity. Obesity and overweight were defined according to the Working Group of Obesity in China [21] .
Questionnaire Survey
The questionnaire, which has been carried out since 2010, was designed by the CNSSCH group and mainly surveyed the lifestyle habits influencing growth and health of children in order to put forward prevention measures for promoting the growth of children and adolescents. As an important lifestyle, daily sleep duration was reported by students or parents voluntarily in the questionnaire, and the relationship between sleep duration and overweight/obesity was explored in this study. Inspectors who were familiar with the questionnaire went to schools and distributed the questionnaire. The completed questionnaires were checked for quality control. For primary school students, one of the parents would answer the questionnaire on the student's behalf to prevent inaccurate information. Questionnaires were distributed in class. The team ensured that students would bring back the answered questionnaire to school. When all of the questionnaires were handed in, researchers collected them from each class, and quality control was performed. Sleep duration was categorized as <7 h, ≥7 to 8, ≥8 to 9 h, and ≥9 h.
Based on the data reported by Shen and his colleagues that the average sleep duration of primary school students was 9 h and 10 min, 8 h and 6 min for middle school students, and 7 h and 9 min for high school students [22] , in the present study, sleep curtailment was defined as sleep duration less than 9 h for 7-12 year age group; less than 8 h for 13-15 year age group; and less than 7 h for 16-18 year age group.
Statistical Analyses
The percentages of obesity and being overweight among different gender and age groups in 2010 and 2014 were described and a χ 2 test was adopted for categorical variables. As a remarkably different prevalence and incidence of overweight/obesity between boys and girls was observed, stratified analysis based on gender was performed to examine the sleep-overweight/obesity association according to different genders. Furthermore, sleep duration changes as a child grows to adulthood and generally decreases when children get older, therefore, stratified analysis based on different age groups was also performed to examine the sleep-overweight/obesity association according to different age group.
Odd ratios (ORs) were used to assess the cross-sectional association between sleep duration and risk of overweight/obesity. Multivariate logistic regression was performed to select potential covariates for the dependent variable (obesity or overweight). Normal-weight children were selected as a reference for the dependent variable. The independent variables (age group, gender, and sleep duration) were entered into logistic regression separately; the adjustment OR for one variable was counted and the other two variables were adjusted. Except where otherwise specified, a two-tailed p value < 0.05 was considered significant. Data were analyzed by Statistical Package for the Social Sciences (SPSS, version 20.0, IBM Corporation, New York, NY, USA).
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Results
Demographic Characteristics
Demographic distributions were presented in Table 1 . A total of 23,602 children and adolescents were included in the final analysis, which were recruited from primary, middle and high schools in Shenyang, China. In 2010, 50.43% and 49.83% of the students were boys for 2010 (5814) and 2014 (5714), respectively, whereas 49.57% and 50.17% were girls for 2010 (6016) and 2014 (6058), respectively.
There were no significant differences in the distribution of number by gender and age group in 2010 and 2014. 
Prevalence of Obesity and Overweight in 2010 and 2014
As shown in Table 2 , the prevalence of obesity and overweight was 8.59% and 15.28% in 2010, respectively, and 13.18% and 15.61% in 2014, respectively. In 2010, the detection rate of obesity in the 7-12-year-old group was significantly higher than the other age groups, moreover, that in 16-18-year-old group was significantly lower than 13-15-year age group (p < 0.001). The variation trend of obesity rate in 2014 was similar to 2010. Moreover, the detection rates in each age group in 2014 were significantly higher than in 2010 (p < 0.001), whereas there was no difference among age groups in 2010 and 2014. Table 3 showed that the prevalence of obesity and overweight in boys was significantly higher than girls both in 2010 and 2014 (p < 0.001), the obesity rates of boys and girls increased significantly in 2014 as compared to 2010 (p < 0.001). Table 4 shows sleep duration stratified by age group for 2010 and 2014, respectively. The results revealed that the prevalence of obesity was different among sleep duration groups in 2010 and 2014 (p < 0.001). Moreover, there was a significant difference in sleep duration among different age groups in both 2010 and 2014 (p < 0.001; shown in Table 5 ). 
Data in
Association between Sleep Duration and Prevalence of Obesity and Overweight
Multivariate Logistic Regression Model Predicting Obesity and Overweight
Based on the results mentioned above, age, gender and sleep duration might be having an influence on overweight and obesity. Therefore, they were enrolled as independent variables for multivariate logistic regression, in which obesity and overweight were dependent variables and normal weight was selected as a reference. The results presented in Table 6 
Effect of Sleep Curtailment on Obesity and Overweight Stratified by Age Group
The results presented in Table 7 reveal that sleep curtailment (sleep duration <9 h) was positively associated with overweight in the 7-12-year age group, with multivariable adjusted OR 1.196 (95%CI: 1.004-1.424), but not related (p = 0.515) to obesity in 2010. For 2014, the adjusted ORs in sleep curtailment in the 7-12-year age group were 1.295 (95%CI: 1.091-1.537) and 1.231 (95%CI: 1.045-1.449) for overweight and obesity, respectively. Results for the 13-15-year age group (shown in Table 8 ) were similar to the 7-12-year age group, with the adjusted ORs of overweight in sleep curtailment (sleep duration <8 h) was 1.265 (95%CI: 1.023-1.565) in 2010, whereas there was no significant relationship (p = 0.912 and 0.504 for overweight and obesity, respectively) between sleep curtailment and obesity in 2014. Data in Table 9 indicate that sleep curtailment (sleep duration <7 h) was positively associated with overweight and obesity in the 16-18 year age group, with multivariable adjusted ORs 1.530 (95%CI: 1.239-1.888) and 1.585 (95%CI: 1.270-2.081), respectively, in 2014, but no obvious relevance reflected in 2010 (p = 0.870 and 0.340 for overweight and obesity, respectively). 
Discussion
The present study provided valuable insight into the effect of sleep duration on prevalence of obesity and overweight among school-aged children and adolescents in Shenyang, located in northeast China. Firstly, our study indicated that the obesity rate of students in 2014 was significantly higher than in 2010, the average increase rate was 1.15% during 4 years, much higher than the national average [23] . The prevalence of obesity and overweight was different among age groups and gender. Obesity rate in the 7-12-year age group was much higher than in other age groups, moreover, the obesity and overweight rates for boys was 4.36% and 5.48%, respectively, higher than for girls in 2010, while the values in 2014 were nearly twice that of girls.
Secondly, similar to previous reports suggesting that short sleep durations could be an independent risk factor for obesity, our results indicated that the prevalence of obesity was different among <7 h, ≥7 to 8, ≥8 to 9 h, and ≥9 h sleep duration groups [24] [25] [26] , and sleep duration of students obviously reduced as their ages advanced. In our study, more than half of the students in all three age groups did not sleep more than 9 h and nearly 60% of high school students slept less than 7 h, far less than the recommended sleep duration (9-11 h) for children and adolescents [27] . Therefore, we hypothesized that overweight/obesity might be affected by sleep duration, thus multivariate logistical regression was performed to analyze association between sleep duration and overweight/obesity. Using sleep duration of more than 9 h as a reference, data in 2010 revealed that participants with sleep duration <7 h and ≥7 to 8 h were, respectively, 1.294 and 1.259 times more likely to be overweight. In 2014, participants with sleep duration <7 h, ≥7 to 8 h, and ≥8 to 9 h were, respectively, 1.405, 1.265, and 1.253 times more likely to be overweight, and participants with sleep duration <7 h were 1.308 times more likely to have obesity. In addition, data in both 2010 and 2014 indicated that the younger the age, the greater the risk of obesity and overweight. In the two multivariate logistical regressions, the contribution of age was the most for obesity and the contribution of gender was the most for overweight. Moreover, the schoolwork burden of primary, middle, and high school students in China is increasing, and one consequence is that sleep duration of each age group has been reduced (2010 vs. 2014). Therefore, age group might be a confounding factor for the association between sleep duration and overweight/obesity.
In the third part of our study, multivariate logistical regressions were performed, adjusting for different age groups, to explore the association between sleep curtailment and obesity/overweight. For the 7-12-year age group, sleep duration of less than 9 h was adjudged as sleep curtailment, which increased the risk of becoming overweight/obese in 2010 and 2014. For the 13-15-year age group, sleep curtailment (<8 h) only added the risk of becoming overweight in 2010. For the 16-18-year age group, sleep duration of <7 h might increase the risk of becoming overweight/obese by 1.530/1.585 times, respectively, in 2014. Our findings that curtail of sleep was associated with higher risk of being overweight and obesity in children and adolescents is consistent with previous cross-sectional studies [15, 28] . Furthermore, the additional new insight from the present study was that it classified different divisions of sleep deprivation for primary, middle, and high school students, which will be more suitable for actual situations of education in primary and secondary schools in China.
There are several speculations that have been proposed to elaborate on the mechanisms causing sleep curtailment to increase the risk of overweight/obesity. A previous study has demonstrated that sleep restriction may reduce the excretion of growth hormone (GH) [29] . For children, GH is secreted during sleep and promotes body height and inhibits the lipoprotein lipase activity of adipose tissue, which can reduce the risk of overweight/obesity [30] . The effects of decreased GH secretion induced by sleep curtailment are more likely to be related to the influence on lipoprotein lipase activity than length growth [31] . Furthermore, reduced leptin and elevated ghrelin were observed in a large sample of adults, which was associated with increased hunger and appetite-especially for high carbohydrate content, including sweets, salty snacks, and starchy foods-which in turn could alter the balance of energy intake and energy expenditure [32] [33] [34] . Hjorth et al. [35] also demonstrated that a 1 h decrease in sleep duration increased the intake of added sugar and sugar-sweetened beverages. Another explanation may be presumed that children with a shortened sleep duration may have fewer physical activities because of daytime tiredness, whereas corresponding more sedentary time could affect the night sleep quality [36, 37] . In addition, it should be considered that obesity-related sleep apnea could result in sudden awakening at night and reduce sleep duration; however, sleep apnea could also be an independent risk factor of obesity [38] . However, the present cross-sectional study could not address the causal relationship between sleep apnea and obesity.
Studies in adults have explored the U-shaped association between long or short sleep duration and obesity [39, 40] . However, few studies have discovered a similar U-shape for children and adolescents. Our study did not explore the effect of prolonged sleep duration on childhood and adolescent overweight/obesity, as we mainly focused on the risk of obesity induced by sleep curtailment in primary, middle, and high school students. Furthermore, there are various causes of sleep curtailment in school-aged children and adolescents including TV watching and computer use, studying burden, family numbers, socioeconomic differences, and so on. These will be explored in our further study [41, 42] .
Conclusions
This study first defined sleep curtailment-adjusting for primary, middle, and high school students-as less than 7, 8, or 9 h, respectively. Different levels of short sleep duration for 7-12-, 13-15-, and 16-18-year age groups increased the risk of becoming overweight/obese. Optimizing sleep duration for different levels of students may be an important intervention for becoming overweight and obese. Further research will explore the association between sleep duration and leptin/ghrelin in children and adolescents to deeply dig out underlying mechanisms of obesity. 
